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Notch Orientation of CTOD Specimen for HAZ Toughness Evaluation

by Masao Toyoda, Member

Fumiyoshi Minami, Member

Summary

HAZ CTOD tests have been carried out using two types of CTOD specimen, a through-thickness
notched type and a surface notched type, extracted from multipass welds of HT50 steel for offshore
structural use. The surface notch tends to sample one HAZ region at the crack tip, whereas the
through-thickness notch intersects several regions in the HAZ. However, the surface notched specimen
shows complicate fracture behavior especially when a stable crack growth occurs, which makes it
difficult to measure the toughness of HAZ-microstructure at the fatigue precrack tip. By contrast, with
the through-thickness notched specimen, the fracture toughness of the CGHAZ is evaluated practically
because the initiation of cleavage fracture is controlled by the CGHAZ intersected by the crack tip.
Critical CTOD of the HAZ-notched CTOD specimen decreases with increasing the total size of the
CGHAZ along the crack front, which can be explained in terms of the weakest link effect of the
CGHAZ. Bearing this size effect of CGHAZ in mind, the through-thickness notched specimen is more
useful for the evaluation of the CGHAZ toughness of welds.
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(a) Through-thickness notched specimen (K-
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(b) Surface notched specimen (K-groove)
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(c)

Surface notched specimen (X-groove)

Fig.1 Extraction method and design for CTOD speci-
mens used in experiments

Tablel Chemical composition and mechanical prop-
erties of HT50 steel and weld metal.

Mechanical properties . .
o o . Chemical composition (mass %)
(MPa) | (MPa) | (%) c Si Mn 4 S Cu Ni Cr Nb Ti B Al
Base metal qan ~ _ _
(HT50 steel) 444 517 33 0.07 ] 0.30} 1.54 0,002 | 0.001} 0,18 | 0.11} 0,01} 0.0
g:lg] SAW 472 546 25%« 1 0,08(0.20{ 1.51{0.013| 0,004 0,10 - - - 0.016 | 0.004 | 0.014
oY:Yield stress, ou:ultimate tensile strength
El.:Elongation (*:6.L,=70mm , Specimen diameter =14 mm )
(**:6.L,=32mm , Specimen diameter=6mm)
Table2 Welding conditions for multipass welds.
; . Welding| Arc. |Welding| Heat
Pass|Welding] Filler 3
current{voltage| speed input Groove Geometry
no.|process| metal (A) (V)" | (cm/min}{ (kd/cm)
1| swaw PSS-Sl rosio | 2se2 | 7ez |15 (Unit:mm)
7016~ 40° 60°
Backing AHS A5 17%%
d £ . 4 30 30
side 1o qq1) saw | F7AB-EHIA 1 goni00| 3062 | 3381 | 30
[F7p8-EH14 50 50
(4mm Dia.) [ 5
N T 5 "
-ing 1~14] SAW /F7P8-EH14 550420 | 3042 3321 30 50° 70°
side {(4mm Dia.) Preheat & Interpass temp. : 190~210°C
* Drying condition : 350°C X 1hr

** Drying condition : 200~300°C X Min.lhr:
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iv. REEHAZ (SGHAZ) : 700> T,=600°C
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INAD Tp 5 450~600°C & % 248K % 7 > /v — 4Bk +
BT LWL
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dHAZ \/Tp“ To Tmp—‘ n - s/900"' To

L >TEBH LU, 22T, 73 fusion line 7 & OEEIE
BE, dunz 3Ty F Uk o TBESN: HAZE, Tap,
To BZNETNBROBERMIBE (Tw=1530°C £ L7z), #
HRE (o= AHBELLE) Tbhs, 28, BAKS
5% F 4% —nERAV, ThiZk>TRASN 2 HAZ
BROBRIERE % 900°C (A FREEE) LIRELT.

Table3 Terminology of HAZ-microstructures of
multipass welds.

T, by T, by T, by subsequent cycle
1st cycle 2nd cycle | 450°C ~| 600 ~ 450°C
Twp ~ 1150°C | UACGHAZ | Tempered CGHAZ
Torme 11507 | 1150~ 00 FGHAZ
(CGHAZ) 800 ~ 700°C | I1CCGHAZ
700 ~ 600°C | SCCGHAZ | Tempered CGHAZ
600 ~ UACGHAZ
| Tms ~ 1150°C | UACGHAZ | Tempered CGHAZ
1150 ~ 900°C { 1150 ~  900°C FGHAZ )
(FGHAZ) | 900 ~ 700°C 1CHAZ
700 ~ FCHAZ
300 ~ 700°C Ta ~ 1150°C | UACGHAZ | Tempered CGHAZ |
(ICHAD) 1150 ~ 900°C FGHAZ
900 ~ 1CHAZ

T, : Peak temperature by weld thermal cycle
T mp :Melting point of the material

Tp=700°C weld thermal cycle
Tp=900°C
Tp=1150°C

Fusion line Finishing side

thickness
(50mm)
B3 UACGHAZ
pered Ml ICCGHAZ
iy SCCGHAZ

[ FGHAZ
ICHAZ

Backing side

(a) K-groove multipass welds

Tp=450°C
Tp=600°C
Tp:Peak temperature of Tp=700°C
weld thermal cycle Tp=900°C
X Tp=1150°C
Finishing side Fusion line
Welt'ial .
me
/|
h
Jempered zghe [T~/ "',' /:/
7,
Temperegd zone "_-” v "
Tempereg zclr\e[:‘ 7 Plate
)\ ‘4 thickness
Tempered zone y (50mm)
Tempered zone[:__
B2 UACGHAZ Tempered” zone [[_7%
Wl ICCGHAZ Tempersd zop N
SCCGHAZ Tempered zone oo \‘ .
1 FGHAZ Tempered zone [__ -~ \‘\‘\
[m ICHAZ f 5
Backing side
9 10mm

(b) X-groove multipass welds

Fig.2 Identification of HAZ regions in the cross-
section of welds.
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(a) Through-thickness notched specimen
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[ATS50 steel welds, T=-80°C]
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(b) Surface notched specimen (K-groove)

[AT50 steel welds , T=-80°C]|

&

Frequency
N
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(¢) Surface notched specimen (X-groove)

Fig.3 Histogram of critical CTOD value of HAZ-
notched specimens.
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Fig.4 Cumulative Weibull plot of critical CTOD value

of HAZ-notched specimens.
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Fig.5 Sectioning technique for identification of mi-
crostructures along and in the vicinity of crack
tip for surface notched specimen.
HT50 steel welds
KT-type D
Microstructures along crack front
L ICCGHAZ UACGHAZ Others
Critical VO e s W
SCCGHAZ WM
CTOD Cleavage fracture initiation
point after stable crack growth
(mm) Cleavage tracture initiation
point without stable crack growth
 Specimen thickness 22mm :
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6m=1.36 | CHE M 7EN WEES
bm=1.30 | =R
bu=1.54 | ENEI e
bu=1.49 | N MR W
6u=1.33 | ENCW TEE WEES
6u=098 | EIE I W W
6uv=0.79 m
6u=070 | ER T AT W WZD
6u=052 | O WS
6u=040 | ExT— 7T w
6u=038 | EX W W
6u=0.35 | C R W 7EN s
6u=0.28
6u=0.28
6¢=0.09
Fig. 6 Distribution of microstructures along crack

front and postulated location of cleavage crack
initiation for through-thickness notched speci-
men (K-groove).
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HT50 steel welds
Ks-type (7

A-A section
Microstructures in the direction of
crack propagation
Critical ICCGHAZ  UACGHAZ Others
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precrack ] crack initiation point
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6.=052 — Pz
6u=0.37
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(a) Variation of microstructures in the direc-
tion of crack propagation.

XE F169 5
HT50 steel welds
KS-type (X T
Microstructures along crack front
ICCGHAZ 5 UACGHAZ Others
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crack front
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A Sectioned plane including
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7/////////////////////////////////////A
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(b) Estimated distribution of microstructures

along fatigue crack front and at the end of
stable crack growth.

Fig. 7 Sectioning results for surface notched specimen

(K-groove).
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Tp =1150°C
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e oo ]
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(a) Through-thickness notched specimen
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7%%%%727
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Fatigue precrack

Fibrous crack

Cleavage fracture
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Te=1150°C

3 CGHAZ

{3 other microstructures
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(b) Surface notched specimen

Fig. 8 Definition of total CGHAZ size lceuaz intersected

by crack front.
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Fig.10 Comparison between CTOD distributions for
through-thickness notched and surface notched
specimens.
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